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ABSTRACT

Objectives: Different surface treatments may affect bonding performance of adhesive systems to
dentin. This study evaluated the influence of different methods of surface treatment on adhesion of
bonding agents to dentin.

Methods: Dentin surfaces abraded with #600-grit SiC paper were used as control. Three methods
of surface treatment (sono-abrasion, air-abrasion and Er:YAG laser irradiation) were used under spe-
cific parameters. Four adhesive systems (Tyrian, Clearfil SE Bond, Unifil Bond and Single Bond) were
applied to treated surfaces, according to the manufacturers” instructions. Composite blocks were
built on bonded surfaces, then restored teeth were vertically and serially sectioned to obtain bonded
slices for interfacial micromorphologic analysis or to produce beam specimens for p-TBS bond test.
Data were analyzed with two-way ANOVA and Tukey test at a significance level of 5%.

Results: The results indicated that the preparation of dentin with sono-abrasion or laser did not
affect the bond strength, while the preparation of dentin with SiC paper and air-abrasion influenced
the bond strength for some systems. A clear difference of the preparation of dentin surfaces and for-
mation of hybrid layer and resin tags were noted.

Conclusion: Bonding effectiveness of both the etch-and-rinse and the self-etch adhesives can be
influenced by different methods of dentin preparation. (Eur J Dent 2007;1:158-166)
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INTRODUCTION

In conventional restorative dental treatment, rotary instruments are routinely used to remove
caries lesions and to prepare the cavities."? How-
ever, it is common for patients to be fearful and
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been suggested to overcome the fear and the anxi-
ety, and to eliminate the patient discomfort caused
by air turbine and drilling noises.>

Diamond sono-abrasion, air-abrasion and Er-
bium:YAG (Er:YAG) laser irradiation technologies
have been introduced as alternatives to conven-
tional mechanical rotary instruments.5™ Dia-
mond sono-abrasion is a system with preparation
tips mounted on a sonic device that oscillates in
a very short length avoiding over preparation and
causing no damage to adjacent tooth during cav-
ity preparation. Air-abrasion with aluminum oxide
basically consists of the application of an abrasive
jetwith particles of different diameters and may be
indicated for the removal of caries and restorative
materials treating the surface possibly increas-
ing adhesion of composite to dentin. Finally, the
Er:YAG laser has been advocated to prepare mi-
crocavities due to its wavelength that closely ap-
proximates the absorption peak of water, so high
ablation rates can be obtained at tooth substrates.
To protect pulp tissue and to prevent melting of
tooth tissue, laser irradiation should always be ac-
companied by water cooling to prevent cracking of
dental substrates.

In addition to these new technologies for op-
erative dentistry procedures, several researches
have been developed in order to evaluate interac-
tions between mineralized dental tissues and bio-
materials.'"'? Self-etching dentin bonding agents
have been indicated to bond composite restor-
ative materials to dental tissues."”® Studies have
shown that self-etching systems have advantages
in clinical application and restoration durability in
comparison with conventional etch-and-rinse ad-
hesive systems.'"2

Etch-and-rinse adhesive systems are ap-
plied to dentin after etching (30-40% phosphoric
acid gel] and moisture control, while self-etch-
ing systems are applied directly to prepared den-
tin without etching, rinsing and moisture control
steps. Etching with phosphoric acid removes the
smear layer and demineralizes the dentin up to a
depth of 3-7um?; this procedure might overcome
the influence of the smear layer as well as of the
prepared dentin surface on composite bonding.'*
¢ Conversely, studies have reported that the type
of smear layer formed by the instrument or exca-
vation method, and the hybridization process or
interaction that take place when resin adhesive
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infiltrates into dentin, affect the quality of bonding
between the prepared dentin surface and the self-
etching adhesive system.™"”

While the alternative cavity preparation tech-
nologies are undoubtedly efficient, concerns have
been expressed regarding the use of self-etching
systems applied to dentin treated with different
tooth preparation methods.'"

This research examined the effect of air-abra-
sion, diamond sono-abrasion, Er:YAG laser ir-
radiation and 600-grit silicon carbide sandpaper
abrasion (SiC-paper) on bonding to dentin treated
with self-etch primer systems and etch-and-rinse
adhesive. The py-TBS bond strength and micro-
morphological characteristics of prepared sur-
faces and resin-dentin interfaces were evaluated.
The null hypothesis is that different surface treat-
ments promote similar bond strength to dentin
regardless of the adhesive system.

MATERIALS AND METHODS
Specimen Preparation and
Experimental Groups

Extracted, caries-free human third molars
were used in this study, in accordance with the
protocols approved by the institutional review
board of the Piracicaba School of Dentistry - Uni-
versity of Campinas (150/2002). Ninety-six teeth
were transversally sectioned with a diamond disc
(Isomet, Buehler Ltd., Lake Bluff, IL, USA) under
water cooling to remove occlusal enamel and
expose flat, mid-coronal dentin surfaces. Teeth
were randomly assigned to sixteen experimental
groups (n =6}, according to the type of dentin treat-
ment (#600-grit SiC-paper abrasion; air-abrasion,
diamond sono-abrasion, Er:YAG laser irradiation)
and the adhesive system applied (Tyrian SPE/One-
Step Plus; Clearfil SE Bond; Unifil Bond; Single
Bond) (Table 1.

Dentin Treatment Protocols

The methods used for dentin surface prepara-
tion were in accordance with the following proto-
cols:

m 600-grit SiC-paper abrasion: The dentin sur-
face was abraded with a #600-grit SiC paper (3M
do Brasil, Sumaré, SP, Brazill, on a polishing ma-
chine (APL-4, Arotec S.A. Ind. Com., Cotia, SP,
Brazil] under water cooling for 15 seconds. This
treatment was used as control.
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m Air-abrasion: The dentin surface was sand-
blasted with a stream of 27 pm aluminum oxide
particles at 50 psi pressure for 20 s (Air Touch
Cavity Detection and Treatment System, Midwest
Dental - Dentsply, Des Plaines, IL, USA). The in-
ternal nozzle tip diameter was 0.46 mm and was
kept at a distance of approximately 2 mm from the
dentin. Airborne particle abrasion was done in two
different directions (mesio-distal and buccal-lin-
gual] with the nozzle held at 45° to the surface.

m Diamond sono-abrasion: An air-scaler (Profi
[l Ceramic, Dabi Atlante, Ribeirao Preto, SP, Bra-
zil) oscillating at 28 KHz sonic frequency was the
power transmitter used to activate the CVD-US di-
amond-coated tip (Clorovale Diamantes, S3o José
dos Campos, SP, Brazill. The dentin surface was
treated with a cylindrical diamond tip (10 mm long
X 1.4 mm diameter) under 70 psi air pressure and
30 mL/min of water spray cooling for 60 s. Sono-
abrasion was applied in two different directions
(mesio-distal and buccal-lingual).

m Er:YAG laser irradiation: Dentin was irradiat-
ed with a pulsed Er:YAG laser (Key Laser 3, Kavo,
Biberach, Germany] at a wavelength of 2.94 um, a
pulse duration of 250-500 psec under water cool-
ing (5 mL/min). The output power and repetition
rate of this equipment was 200 mJ and 4 Hz, re-

spectively. The beam diameter at the focal area
for the handpiece #2065 was 0.63 mm and the
handpiece was held perpendicular to the dentin
surface at a distance of 12 mm (focused mode).
Samples were irradiated by hand, scanning the
surface once in each direction, horizontally and
vertically, to ensure homogeneous irradiation on
the entire surface area. The irradiation was per-
formed with a water cooled spray (5.0 mL/min).
The energy density used for the laser irradiation
was 64.2 J/cm?,

Micro-tensile bond strength

Sixty-fourteethwere usedto performthe p-TBS
bond test. Sixteen teeth were randomly selected
from each dentin treatment and bonding systems
were applied to the prepared dentin according
to the manufacturers’ instructions. Afterwards,
they were light-cured for 10 seconds (XL 3000, 3M
Espe, St. Paul, MN, USA]. Resin composite build-
ups were incrementally constructed on the polym-
erized bonding agent in five layers (1 mm thick]
using a micro-hybrid composite (Clearfil APX,
Kuraray Medical Inc). Each layer was then light-
cured for 40 seconds using the same light-curing
unit as mentioned previously. Restored teeth were
stored in distilled water at 37°C for 24 h. To obtain

Table 1. Compositions of adhesive systems used in this study.

Adhesive Systems Composition Manufacturer
Primer: 2-Acrylamido-2-methyl propanesulfonic acid,
Tyrian SPE / One-Step Plus Bis (2-(methacryloyloxy) ethyl] phosphate, ethanol Bisco Inc.,

(self primer)

(pH = 0.5). Adhesive: Biphenyl dimethacrylate,

Schuamburg, IL, USA

hydroxyethyl methacrylate, acetone, glass frit.

Primer: Water, ethanol, MDP, HEMA, dimethacrylate

hydrophilic, camphorquinone, N, N-diethanol p- tolu-
idine (pH = 2.0). Adhesive resin: MDP, Bis-GMA, HEMA,

Clearfil SE Bond

Kuraray Medical Inc.,
Kurashiki, Okayama,

(self-primer) . : . ,
dimethacrylate hydrophobic, camphorquinone, N, N- di- Japan
ethanol p- toluidine, silanated colloidal silica.
UniFil Bond Primer: HEMA, 4-MET, ethanol, water (pH = 2.2). GC Corp.,
niFil Bon
) Adhesive resin : UDMA, HEMA, TEGDMA, silanated col- Itabashi-ku, Tokyo,
(self-primer) . .
loidal silica. Japan
Etchant: 35% phosphoric acid.
Single Bond Adhesive: Bis-GMA, HEMA, ethanol, water, UDMA, 3M ESPE,
(etch & rinse]) Bisphenol A glycerolate, polyalkenoic acid copolymer, St. Paul, MN, USA

dimethacrylate, camphorquinone (pH = 4.3).

Bis-GMA = bisphenol-glycidyl-methacrylate; HEMA = 2-hydroxyethylmethacrylate; TEGDMA = triethylene glycol dimethacrylate;

MDP = 10-methacryloyloxydecyl dihydrogen phosphate; 4-MET = 4-methacryloxyethyl trimellitate anhydride; UDMA = urethane

dimethacrylate.
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tooth fragments with bonded composite, the tooth
was vertically sectioned serially in both “x” and “y”
directions across the bonded interface, resulting
in several bonded beams with a 0.8 mm? cross-
sectional area.

Six beams were randomly selected from each
restored tooth. Each bonded beam was fixed to p-
TBS testing device with a cyanoacrylate adhesive
(Zapit, DVA, Corona, CA, USA] and tested in ten-
sion at 0.5 mm/min in a universal testing machine
(4411, Instron Co., Canton, MA, USA] until they
fractured. After fracture, the cross-sectional area
of the debonded interface was measured to the
nearest 0.01 mm with a digital caliper (727-6/150,
Starret, Itu, SP, Brazil) and used to calculate test
results in units of stress (MPa). Means of the six
beams were calculated for each restored tooth
fragment. Data were analyzed statistically by two-
way ANOVA and the Tukey-Kramer post-hoc test.
Statistical significance was established at 5%.

SEM Evaluations

The roots of thirty-two teeth were removed
and the crown section was longitudinally cut (buc-
cal-lingually) into two-halves. Sixty-four tooth
fragments were obtained. In order to evaluate
the treated dentinal surface morphology under
scanning electron microscopy (SEM) (VP 435, Leo,
Cambridge, England), sixteen fragments were ran-
domly selected (n=4). Dentin surfaces were treat-
ed with four dentin treatment protocols (#600-grit
SiC paper, air-abrasion, sono-abrasion, laser ir-
radiation). Fragments were dehydrated in ascend-
ing acetone concentrations (30%, 50%, 70%, 90%
and 100%], critical-point dried (CPD 030, Balzers,
Balzer, Leichtenstein), sputter-gold coated (MED
010, Balzers, Balzer, Leichtenstein) and examined
under SEM. Representative areas of the treated
dentin surface were photographed at 5,000X.
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For the SEM evaluation of the interfacial mi-
cromorphology, forty-eight dental fragments were
used. The dentin surfaces were treated according
to the described protocols and the adhesive sys-
tems were applied in accordance with the manu-
facturers’ instructions (n=3). All restored teeth
were vertically, serially sectioned into 2.0 mm
thick slabs. The slabs were hand-polished with
600-, 1200-, and 2000-grit SiC paper followed by
diamond pastes (6 pm, 3um, 1 pm and 0.25 pm).
Slabs were rinsed and were ultrasonically cleaned
during 12 minutes after each polishing step. Af-
ter polishing, slabs were etched with 50% phos-
phoric acid for 15 s, washed, and treated with 1%
with NaOCl for 10 min. Slabs were dehydrated in
ascending acetone concentrations, critical-point
dried, sputter-coated with gold and examined un-
der SEM. Representative areas of the resin-dentin
interfaces were photographed at 5,000X.
specimens were ultrasonically
cleaned, allowed to air-dry overnight, sputter
coated, and observed under SEM to determine the

Fractured

fracture modes.

RESULTS

Two-way ANOVA indicated significant differ-
ences for the type of dentin treatments (P<.00001)
and adhesive systems (P<.00001). There was also
interaction between factors (P<.00003). The mean
p-TBS bond strength and standard deviation val-
ues are shown in Table 2. Tukey-Kramer post-hoc
test showed that laser-treated or sono-abraded
dentin did not affect the bond strength of adhesive
systems. When the dentin was sandblasted with
aluminum oxide particles Tyrian SPE/One-Step
Plus presented significantly lower bond strength
than Clearfil SE Bond, which were similar to Uni-
fil Bond and Single Bond. For the dentin prepared
with SiC paper, the bond strength of Clearfil SE

Table 2. Results of tensile bond strengths for experimental groups in MPa.

Methods of tooth preparation

Adhesive Systems

SiC 600 Air-abrasion Sono-abrasion Er:YAG laser
Tyrian SPE/One-Step Plus 29.9 (4.5) Ba 21.2 (2.7) Bab 20.4 (3.8) Ab 14.2 (4.1) Ab
Clearfil SE Bond 41.5(2.9) Aa 33.0(5.0) Aa 23.0(1.0) Ab 12.6 (5.0) Ac
Unifil Bond 20.4 (6.4) Cb 30.1(8.6) ABa 20.5 (4.6) Ab 11.8 (4.5) Ab
Single Bond 33.9 (4.7) ABa 28.5 (1.3) ABab 24.7 (6.7) Ab 12.4(3.6) Ac

Groups having different letters (upper case=column; lower case=row) are significantly different.
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Bond was higher than Tyrian and Unifil Bond, but
similar to Single Bond. The dentin irradiation with
Er:YAG laser at 64.2 J/cm? resulted in a reduction
in bond strength values of all adhesive systems
tested, but only Clearfil SE Bond and Single Bond
was significantly decreased.

Figure 1A shows scratches left by the SiC abra-
sive paper and a regular smear layer over the en-
tire surface, occluding the dentinal tubules. The
air abrasion resulted in an irregular dentin sur-
face without any patent tubules (Figure 1B). SEM
examination of sono-abraded surfaces showed an
amorphous layer of debris with completely oblit-
erated dentin tubules (Figure 1C). Laser-treated

Table 3. Failure mode (%) of tested specimens.

dentin micromorphology showed lack of smear
layer and a very rough, irregular surface. The
peritubular dentin is evident around the tubules
(Figure 1D).

Resin-dentin interdiffusion zone and resin tags
were noted in all bonded interfaces on which both
self-etching and etch & rinse adhesive systems
were used (Figures 2A, 2B, 2C, 2D and 2E). The
thickness of hybrid layer and the length of resin
tags varied according to the dentin treatment and
the type of adhesive system applied. SEM of bond-
ed specimens that were treated with the Er:YAG
laser showed collar-like structures around resin
tags for all bonded interfaces (Figures 2D and 2E).

Dentin Surface Treatments

_li;l:re Diamond Sono-Abrasion Air-Abrasion Er:YAG Laser #600-grit SiC Paper
SB SE TY UN SB SE TY UN SB SE TY UN SB SE TY UN

Type 1 85 78 63 72 90 85 66 88 57 59 50 47 8 78 72 76

Type 2 5 8 15 6 5 9 9 0 9 13 10 21 0 15 18

Type 3 10 0 7 " 0 0 Zbjl 18 2ol 32 5 7 0

Type 4 0 14 15 11 Sl 10 WSl 12 9 10 15 0 0 0 10 17

it
) 17 nn
Photo No

mond sono-abrasion and 1D: laser Er:YAG irradiation) Original magnification 5000X.
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Table 3 shows the failure pattern observed in this
study. The most predominant failure patterns on
experimental groups were partial cohesive failure
within adhesive layer and fracture between adhe-
sive resin and dentin (47% - 90%) (Figure 3A). La-
ser-treated dentin tended to fail more cohesively
in dentin after testing (Figure 3B).

DISCUSSION
The null hypothesis for this study had to be re-

EHT-20.00 KV - 16 mn " “Mag-
2 Photo No.-=2528  Detector= SE1

[
Photo No.=6826

5

EHT-20.00 kU WD -
3un

16 nn " Mag- 4.97KX
Photo No.-2018  Detector- SEL
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jected. In this study, in order to verify the effects
of Er:YAG laser irradiation, air- and sono-abrasion
preparation methods on bonding of composite
resin to dentin, four adhesive systems were se-
lected. Although the smear layer removal and the
superficial demineralization promoted by the acid
etching, the conventional, etch-and-rinse adhe-
sive Single Bond was affected by the type of dentin
preparation. This could have happened due to su-
perficial changes promoted by surface treatments,
modifying the way this adhesive system interacts
with treated dentin. Higher bond strength values
were observed when Single Bond was applied to
SiC-abraded dentin than when it was applied to di-
amond sono- and laser-treated dentin. Air-abra-
sion treatment resulted in similar bond strength
to #600-SiC paper and sono-abrasion treatments,
but higher than laser irradiation. The acid etching
changes the superficial dentin overcoming the ef-
fects of some preparation methods."

The most important advantage of self-etch-
ing systems is that infiltration of adhesive resin

E n " Mag- 5.00 K X
Photo No.=2525  Detector= SE1

EHT-20.00 KV

2un H

. "‘ .cR

EHT=20.60 kV WD= 18 nn Mag- 5.39 K X
Sun Photo No.-2015  Detector= SE1
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Figure 2. SEM of the bonded interfaces. Resin-dentin interface of Tyrian SPE/One-Step Plus bonded to dentin treated with SiC
paper (2A]. Resin-dentin interface of Clearfil SE Bond applied to air-abraded dentin (2B). Resin-dentin interface of Single Bond
applied to sono-abraded dentin (2C). Resin-dentin interfaces of Tyrian and Unifil Bond applied to laser-treated dentin (2D and
2E)(CR- composite resin; HL- hybrid layer; D- dentin) Original magnification 5000X.
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occurs simultaneously with the self-etching pro-
cess.” This approach eliminates the rinsing and
drying steps before applying the bonding agent.'2'¢
Depending on their etching aggressiveness or acid
dissociation constants (pKa values), self-etching
adhesive systems can be classified into strong,
moderate and mild. The pH of Clearfil SE Bond and
Unifil Bond adhesives are 2.0 and 2.2, respectively,
and they are close to ideal acidity and etching ag-
gressiveness. Conversely, the self priming etchant
of Tyrian is considered as a strong self-etch prim-
er with a very low pH (0.5), which can produce sim-
ilar demineralization effects like phosphoric acid
(30 to 40%) on dentin and enamel.”® All self-etch-
ing systems tested were also influenced by dentin
treatment.

The adhesive systems applied to laser-treated
dentin presented similar bond strength values.
However, when compared to the other dentin
preparation methods they presented lower bond
strength values. Erbium:YAG lasers emit a wave-
length of 2904 nm that coincides with the main
absorption peak of water. This emitted energy is
also absorbed by hydroxyapatite.'2® The applica-
tion of Er:YAG laser causes vaporization of the wa-
ter, leading to volumetric expansion and ablation
of dental hard tissues. The process of ablation is a
consequence of a thermo-mechanical interaction

Figure 3. SEM photomicrographs illustrating fractured surfac-
es. Fractured dentin-adhesive (Unifil Bond) interface in dentin
side (3A) (D- dentin; AL- adhesive layer). Cohesive fracture in
dentin for Single Bond adhesive applied after laser irradiation
(3B) Original magnification 230X - 1500X.

between laser irradiation and dental mineralized
tissues and produces a very irregular surface,
free of smear layer and with a more prominent
peritubular dentin than intertubular dentin (Figure
’| D]_9,1U,21724

Studies have shown that Er:YAG irradiation of
dentin can denaturize organic components within
the intertubular dentin subsurface, which does not
seem to be favorable for adhesion.?? The laser-
modified layer can impair the mineral dissolu-
tion by acid etching and the resin adhesive diffu-
sion into intertubular dentin subsurface, leading
to a deficient hybridization and, consequently, to
a lower bond strength.?2?427.28 The laser-irradiated
dentin samples tended to fail more cohesively in
dentin (Figure 3B). The subsurface damaged can
exceed the thickness of hybridization, leaving a
weakened substrate, which could explain the co-
hesive fractures in dentin.'®? The bond strength
results for laser-irradiated dentin were the lowest
values for Single Bond and Clearfil SE Bond adhe-
sive systems. However, for Unifil Bond and Tyrian
systems the bond strength was similar to others
means of dental preparations.

Air abrasion offers an alternative to conven-
tional dental handpieces because minimizes the
heat, pressure, noise and vibration. The abra-
sion with 27 pm aluminum oxide particles created
an irregular surface morphology and the tubule
openings were occluded by surface debris (Figure
1B).#%! The surfaces were markedly changed for
air abrasion and the increase of surface irregular-
ity did not necessarily improve bond strength.?-%
The performance of tested adhesive systems in
air-abraded dentin was adequate and the bond
strength ranged from 21.2 (Tyrian) to 33.0 MPa
(Clearfil SE Bond). For Unifil Bond, the application
on air-abraded dentin resulted in the highest bond
strength value when compared to other dentin
treatments.

Diamond sono-abrasion is recommended for
minimal cavity preparation of occlusal and proxi-
mal lesion.5” The sono-abrasion surface treatment
resulted in dentin surfaces that were equally re-
ceptive to bonding agents. Bond strength ranged
from 20.4 (Tyrian) to 24.7 MPa (Single Bond) and
no significant difference was obtained on bond
strength to air-abraded dentin, for self-etching
and etch-and-rinse system.

The 600-grit control surfaces showed a typical
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smear layer with abrasion tracks from the grind-
ing procedure (Fig. 1A)."">? This treatment is com-
monly used for in vitro studies to standardize and
prepare dental surfaces for bonding procedures.
However, differences in smear layers prepared
with bur cutting or abrasive paper have been re-
ported to affect the bond strengths of adhesive
systems to dentin.’3 In the current study, Unifil
Bond presented the lowest bond strength values,
while Single Bond and Clearfil SE Bond showed
the highest, when the dentin was prepared with
600-grit SiC paper. These results can be explained
by the quality of dentin hybridization and by mono-
meric composition of each material.

Within the limitations imposed by the p-TBS
methodology, this study showed that the interac-
tion between the adhesive systems and the result-
ing surfaces from dentin treatments might affect
the quality of bonding between composite resin
and dentin. Therefore, when preparing dentin, se-
lecting the proper adhesive system is important for
improvement of bonding. Further studies includ-
ing, for example, TEM evaluation, might provide a
more detailed analysis of the interaction between
surface treatments and adhesive systems.

CONCLUSIONS

The treatment of dentin surfaces prior to bond-
ing procedures affected the bond strength of all
adhesives tested. Laser irradiated dentin showed
lower bond strength than other dental preparation
methods.
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